METHOD 204A--VOLATILE ORGANIC COMPOUNDS CONTENT IN LIQUID
INPUT STREAM

1. SCOPE AND APPLICATION

1.1 Applicability. This procedure is applicable for
determ ning the input of volatile organic conpounds (VOO). It is
intended to be used in the devel opnent of I|iquid/gas protocols
for determ ning VOC capture efficiency (CE) for surface coating
and printing operations.

1.2 Principle. The anount of VOC introduced to the process
(L) is the sumof the products of the weight (W of each VOC
containing liquid (ink, paint, solvent, etc.) used and its VOC
content (V).

1.3 Sampling Requirements. A CE test shall consist of at
| east three sanpling runs. Each run shall cover at |east one
conpl ete production cycle, but shall be at |east 3 hours |ong.
The sanpling tinme for each run need not exceed 8 hours, even if
t he production cycle has not been conpleted. Alternative
sanpling tinmes may be used with the approval of the
Adm ni strator.

2. SUMMARY OF METHOD

The amount of VOC containing liquid introduced to the
process is determ ned as the weight difference of the feed
mat eri al before and after each sanmpling run. The VOC content of
the liquid input material is determ ned by volatilizing a snal
aliquot of the material and anal yzing the volatile material using

a flame ionization analyzer (FIA). A sanple of each VOC



containing liquid is analyzed with a FIA to determ ne V.

3. SAFETY

Because this procedure is often applied in highly explosive
areas, caution and care should be exercised in choosing,
installing, and using the appropriate equi pnent.

4. EQUIPMENT AND SUPPLIES

Mention of trade names or conpany products does not
constitute endorsenent. All gas concentrations (percent, ppn
are by vol une, unl ess otherw se not ed.

4.1 Liquid Weight.

4.1.1 Balances/Digital Scales. To weigh drums of VOC
containing liquids to wthin 0.2 Ib or 1.0 percent of the total
wei ght of VOC liquid used.

4.1.2 Volume Measurement Apparatus (Alternative). Vol une
nmeters, flow neters, density neasurenent equi pnent, etc., as
needed to achi eve the same accuracy as direct weight
nmeasur enment s.

4.2 VOC Content (FIA Technique). The liquid sanple
anal ysis systemis shown in Figures 204A-1 and 204A-2. The
foll ow ng equi pnent is required:

4.2.1 Sample Collection Can. An appropriately-sized netal
can to be used to collect VOC containing materials. The can nust
be constructed in such a way that it can be grounded to the

coati ng cont ai ner.



4.2.2 Needle Valves. To control gas flow
4.2.3 Regulators. For carrier gas and calibration gas

cyl i nders.

4.2.4 Tubing. Teflon or stainless steel tubing with
di aneters and | engths determ ned by connection requirenents of
equi pnent. The tubing between the sanple oven outlet and the FIA
shall be heated to maintain a tenperature of 120 + 5°C.

4.2.5 Atmospheric Vent. A tee and O- to O0.5-liter/mn
rotaneter placed in the sanpling Iine between the carrier gas
cylinder and the VOC sanple vessel to rel ease the excess carrier
gas. A toggle valve placed between the tee and the rotaneter
facilitates leak tests of the analysis system

4.2.6 Thermometer. Capable of neasuring the tenperature of
the hot water bath to within 1°C

4_.2.7 Sample Oven. Heated enclosure, containing
calibration gas coil heaters, critical orifice, aspirator, and
other liquid sanple anal ysis conponents, capable of nmaintaining a
tenperature of 120 + 5°C

4.2.8 Gas Coil Heaters. Sufficient Iengths of stainless
steel or Teflon tubing to allow zero and calibration gases to be
heated to the sanple oven tenperature before entering the
critical orifice or aspirator.

4.2.9 Water Bath. Capable of heating and maintaining a

sanpl e vessel tenperature of 100 £ 5°C



4.2.10 Analytical Balance. To neasure x0.001 g.

4_.2.11 Disposable Syringes. 2-cc or 5-cc.

4.2.12 Sample Vessel. dass, 40-m septumvial. A
separate vessel is needed for each sanple.

4.2.13 Rubber Stopper. Two-hole stopper to accommodate
3.2-mm (1/8-in.) Teflon tubing, appropriately sized to fit the
openi ng of the sanple vessel. The rubber stopper should be
wrapped in Teflon tape to provide a tighter seal and to prevent
any reaction of the sanple with the rubber stopper.

Al ternatively, any |leak-free closure fabricated of nonreactive
materi al s and accommobdati ng the necessary tubing fittings nay be
used.

4.2.14 Critical Orifices. Calibrated critical orifices
capabl e of providing constant flowrates from50 to 250 M/ mn at
known pressure drops. Sapphire orifice assenblies (avail able
from O Keefe Controls Conpany) and glass capillary tubing have
been found to be adequate for this application.

4.2.15 Vacuum Gauge. Zero to 760-nmm (0- to 30-in.) Hg
U Tube manometer or vacuum gauge.

4.2.16 Pressure Gauge. Bourdon gauge capabl e of neasuring
the maxi numair pressure at the aspirator inlet (e.g., 100 psig).

4.2.17 Aspirator. A device capable of generating
sufficient vacuum at the sanple vessel to create critical flow
through the calibrated orifice when sufficient air pressure is

present at the aspirator inlet. The aspirator nust al so provide



sufficient sanple pressure to operate the FIA. The sanple is
also mxed wwth the dilution gas wthin the aspirator.

4.2.18 Soap Bubble Meter. O an appropriate size to
calibrate the critical orifices in the system

4.2.19 Organic Concentration Analyzer. An FIA with a span
value of 1.5 tines the expected concentration as propane;
however, other span values may be used if it can be denonstrated
that they would provide nore accurate neasurenments. The FIA
i nstrunment should be the sanme instrunment used in the gaseous
anal yses adjusted with the sane fuel, conbustion air, and sanple
back-pressure (flow rate) settings. The system shall be capable
of nmeeting or exceeding the follow ng specifications:

4.2.19.1 Zero Drift. Less than 3.0 percent of the span
val ue.

4.2.19.2 Calibration Drift. Less than £3.0 percent of the
span val ue.

4.2.19.3 Calibration Error. Less than 5.0 percent of the
cal i bration gas val ue.

4.2.20 Integrator/Data Acquisition System. An anal og or
digital device or conmputerized data acquisition systemused to
integrate the FIA response or conpute the average response and
record neasurenent data. The m nimum data sanpling frequency for
conputing average or integrated values is one neasurenent val ue
every 5 seconds. The device shall be capable of recording

average val ues at |east once per m nute.



4.2.21 Chart Recorder (Optional). A chart recorder or
simlar device is recommended to provide a continuous anal og
di splay of the neasurenent results during the |iquid sanple
anal ysi s.

5. REAGENTS AND STANDARDS

5.1 Calibration and Other Gases. Gases used for
calibration, fuel, and conbustion air (if required) are contained
in conpressed gas cylinders. All calibration gases shall be
traceable to National Institute of Standards and Technol ogy
standards and shall be certified by the nmanufacturer to
+1 percent of the tag value. Additionally, the manufacturer of
the cylinder should provide a recommended shelf life for each
calibration gas cylinder over which the concentration does not
change nore than
+2 percent fromthe certified value. For calibration gas val ues
not generally available, dilution systens calibrated using Method
205 may be used. Alternative nethods for preparing calibration
gas m xtures may be used with the approval of the Adm nistrator.

5.1.1 Fuel. The FIA manufacturer's recomended fuel should
be used. A 40 percent H,/ 60 percent He or
40 percent H,/ 60 percent N, gas m xture is recomrended to avoid
an oxygen synergismeffect that reportedly occurs when oxygen
concentration varies significantly froma mean value. O her
m xtures may be used provided the tester can denonstrate to the
Adm ni strator that there is no oxygen synergi smeffect.

5.1.2 Carrier Gas. Hi gh purity air with I ess than



1 ppmof organic material (as propane) or |ess than
0.1 percent of the span val ue, whichever is greater.

5.1.3 FIA Linearity Calibration Gases. Low, md-, and
hi gh-range gas m xture standards with nom nal propane
concentrations of 20-30, 45-55, and 70-80 percent of the span
value in air, respectively. Oher calibration values and ot her
span values may be used if it can be shown to the Admnistrator's
sati sfaction that equally accurate neasurenents woul d be

achi eved.

5.1.4 System Calibration Gas. Gas m xture standard
contai ning propane in air, approximting the undiluted VOC
concentration expected for the |iquid sanples.

6. SAMPLE COLLECTION, PRESERVATION AND STORAGE

6.1 Sanples nmust be collected in a manner that prevents or
mnimzes |oss of volatile conponents and that does not
contam nate the coating reservoir.

6.2 Collect a 100-m or l|arger sanple of the VOC containing
liquid mxture at each application |ocation at the begi nning and
end of each test run. A separate sanple should be taken of each
VOC containing liquid added to the application m xture during the
test run. |If a fresh drumis needed during the sanpling run,
then obtain a sanple fromthe fresh drum

6.3 When collecting the sanple, ground the sanple container

to the coating drum Fill the sanple container as close to the



rimas possible to mnimze the amount of headspace.

6.4 After the sanple is collected, seal the container so
t he sanpl e cannot | eak out or evaporate.

6.5 Label the container to clearly identify the contents.

7. QUALITY CONTROL

7.1 Required instrunent quality control paraneters are
found in the foll ow ng sections:

7.1.1 The FIA system nust be calibrated as specified in
section 8.1.

7.1.2 The systemdrift check must be perfornmed as specified
in section 8. 2.

7.2 Audits.

7.2.1 Audit Procedure. Concurrently, analyze the audit
sanpl e and a set of conpliance sanples in the sanme manner to
eval uate the technique of the anal yst and the standards
preparation. The sane anal yst, anal ytical reagents, and
anal ytical system shall be used both for conpliance sanples and
the EPA audit sanmple. If this condition is nmet, auditing of
subsequent conpliance anal yses for the sane enforcenent agency
within 30 days is not required. An audit sanple set may not be
used to validate different sets of conpliance sanpl es under the
jurisdiction of different enforcenent agencies, unless prior
arrangenents are made with both enforcenent agenci es.

7.2.2 Audit Samples and Audit Sample Availability. Audit

sanples will be supplied only to enforcenent agencies for



conpliance tests. The availability of audit sanples may be
obt ai ned by writing:

Source Test Audit Coordinator (STAC) (NMD-77B)

Qual ity Assurance Division

At nospheri c Research and Exposure Assessnent Laboratory

U.S. Environnental Protection Agency

Research Triangle Park, NC 27711
or by calling the STAC at (919) 541-7834. The request for the
audit sanple nust be nmade at | east 30 days prior to the schedul ed
conpl i ance sanpl e anal ysi s.

7.2.3 Audit Results. Calculate the audit sanple
concentration according to the cal cul ati on procedure described in
the audit instructions included with the audit sanmple. Fill in
the audit sanple concentration and the anal yst's nanme on the
audit response formincluded with the audit instructions. Send
one copy to the EPA Regional Ofice or the appropriate
enf orcenent agency, and a second copy to the STAC. The EPA
Regi onal O fice or the appropriate enforcenent agency wll report
the results of the audit to the | aboratory being audited.

I nclude this response with the results of the conpliance sanpl es
inrelevant reports to the EPA Regional Ofice or the appropriate
enf orcement agency.

8. CALIBRATION AND STANDARDIZATION

8.1 FIA Calibration and Linearity Check. Make necessary
adjustnments to the air and fuel supplies for the FIA and ignite
the burner. Allowthe FIAto warmup for the period recomended

by the manufacturer. |Inject a calibration gas into the



measur enent system and adj ust the back-pressure regulator to the
val ue required to achieve the flow rates specified by the
manuf acturer. Inject the zero- and the high-range calibration
gases and adj ust the anal yzer calibration to provide the proper
responses. Inject the low and m d-range gases and record the
responses of the neasurenent system The calibration and
linearity of the systemare acceptable if the responses for al
four gases are within 5 percent of the respective gas values. |If
the performance of the systemis not acceptable, repair or adjust
the system and repeat the linearity check. Conduct a calibration
and linearity check after assenbling the anal ysis system and
after a major change is nmade to the system

8.2 Systems Drift Checks. After each sanple, repeat the
system calibration checks in section 9.2.7 before any adjustnents
to the FIA or neasurenent systemare nmade. |If the zero or
calibration drift exceeds 3 percent of the span value, discard
the result and repeat the analysis. Alternatively, recalibrate
the FIA as in section 8.1 and report the results using both sets
of calibration data (i.e., data determned prior to the test
period and data determned following the test period). The data
that results in the | owest CE val ue shall be reported as the
results for the test run.

8.3 Critical Orifice Calibration.

8.3.1 Each critical orifice nmust be calibrated at the
specific operating conditions under which it will be used.

Therefore, assenble all conponents of the liquid sanple anal ysis



system as shown in Figure 204A-3. A stopwatch is also required.

8.3.2 Turn on the sanple oven, sanple line, and water bath
heaters, and allow the systemto reach the proper operating
tenperature. Adjust the aspirator to a vacuum of 380 mm (15 in.)
Hg vacuum Measure the tinme required for one soap bubble to nove
a known di stance and record baronetric pressure.

8.3.3 Repeat the calibration procedure at a vacuum of
406 mm (16 in.) Hg and at 25-mm (1-in.) Hg intervals until three
consecutive determnations provide the sane flowrate. Calculate
the critical flowrate for the orifice in m/mn at standard
conditions. Record the vacuum necessary to achieve critical
flow.

9. PROCEDURE

9.1 Determination of Liquid Input Weight.

9.1.1 Weight Difference. Determ ne the anount of material
introduced to the process as the weight difference of the feed
mat eri al before and after each sanpling run. 1In determning the
total VOC containing liquid usage, account for:

(a) The initial (beginning) VOC containing liquid m xture.

(b) Any solvent added during the test run.

(c) Any coating added during the test run.

(d) Any residual VOC containing liquid m xture renai ning at
the end of the sanple run.

9.1.1.1 Identify all points where VOC containing |liquids
are introduced to the process. To obtain an accurate neasurenent

of VOC containing liquids, start wwth an enpty fountain (if



applicable). After conpleting the run, drain the liquid in the
fountain back into the liquid drum (if possible) and weigh the
drum again. Wigh the VOC containing liquids to 0.5 percent of
the total weight (full) or x1.0 percent of the total weight of
VOC containing liquid used during the sanple run, whichever is
less. If the residual liquid cannot be returned to the drum
drain the fountain into a prewei ghed enpty drumto determ ne the
final weight of the Iiquid.

9.1.1.2 If it is not possible to neasure a single
representative m xture, then weigh the various conponents
separately (e.qg., if solvent is added during the sanpling run,
wei gh the solvent before it is added to the mxture). |If a fresh
drum of VOC containing liquid is needed during the run, then
wei gh both the enpty drum and fresh drum

9.1.2 Volume Measurement (Alternative). |If direct weight
measurenents are not feasible, the tester may use volune neters
or flowrate neters and density neasurenents to determ ne the
wei ght of liquids used if it can be denonstrated that the
techni que produces results equivalent to the direct weight
measurenents. If a single representative m xture cannot be
measur ed, neasure the conponents separately.

9.2 Determination of VOC Content in Input Liquids

9.2.1 Assenble the liquid VOC content anal ysis system as
shown in Figure 204A-1.

9.2.2 Permanently identify all of the critical orifices

that nay be used. Calibrate each critical orifice under the



expected operating conditions (i.e., sanple vacuum and
tenperature) against a volune neter as described in section 8.3.

9.2.3 Label and tare the sanple vessels (including the
st oppers and caps) and the syringes.

9.2.4 Install an enpty sanple vessel and performa |eak
test of the system Cose the carrier gas valve and atnospheric
vent and evacuate the sanple vessel to 250 mm (10 in.) Hg
absolute or less using the aspirator. C ose the toggle valve at
the inlet to the aspirator and observe the vacuumfor at least 1
mnute. |If there is any change in the sanple pressure, release
the vacuum adjust or repair the apparatus as necessary, and
repeat the |leak test.

9.2.5 Performthe analyzer calibration and linearity checks
according to the procedure in section 5.1. Record the responses
to each of the calibration gases and the back-pressure setting of
the FI A

9.2.6 Establish the appropriate dilution ratio by adjusting
the aspirator air supply or substituting critical orifices.
Qperate the aspirator at a vacuumof at least 25 nm (1 in.) Hg
greater than the vacuum necessary to achieve critical flow.

Select the dilution ratio so that the maxi mumresponse of the FIA
to the sanple does not exceed the high-range calibration gas.

9.2.7 Performsystemcalibration checks at two | evels by
i ntroduci ng conpressed gases at the inlet to the sanple vessel
while the aspirator and dilution devices are operating. Perform

t hese checks using the carrier gas (zero concentration) and the



systemcalibration gas. |If the response to the carrier gas
exceeds =0.5 percent of span, clean or repair the apparatus and
repeat the check. Adjust the dilution ratio as necessary to
achi eve the correct response to the upscal e check, but do not
adj ust the analyzer calibration. Record the identification of
the orifice, aspirator air supply pressure, FlIA back-pressure,
and the responses of the FIAto the carrier and system

cal i bration gases.

9.2.8 After conpleting the above checks, inject the system
calibration gas for approximately 10 m nutes. Tine the exact
duration of the gas injection using a stopwatch. Determne the
area under the FI A response curve and cal cul ate the system
response factor based on the sanple gas flow rate, gas
concentration, and the duration of the injection as conpared to
the integrated response using Equations 204A-2 and 204A- 3.

9.2.9 Verify that the sanple oven and sanple |ine
tenperatures are 120 + 5°C and that the water bath tenperature is

100 = 5°C.

9.2.10 Fill a tared syringe with approximately 1 g of the
VOC containing liquid and weigh it. Transfer the liquid to a
tared sanple vessel. Plug the sanple vessel to mnimze sanple
| oss. Weigh the sanple vessel containing the liquid to determ ne
t he amount of sanple actually received. Also, as a quality
control check, weigh the enpty syringe to determ ne the anount of

material delivered. The two coating sanple weights should agree



within 0.02 g. If not, repeat the procedure until an acceptable
sanpl e i s obtained.

9.2.11 Connect the vessel to the analysis system Adjust
the aspirator supply pressure to the correct value. Open the
valve on the carrier gas supply to the sanple vessel and adj ust
it to provide a slight excess flowto the atnospheric vent. As
soon as the initial response of the FlI A begins to decrease,

i mrerse the sanple vessel in the water bath. (Applying heat to

the sanpl e vessel too soon may cause the FI A response to exceed

the calibrated range of the instrument and, thus, invalidate the
anal ysi s.)

9.2.12 Continuously neasure and record the response of the
FIA until all of the volatile nmaterial has been evaporated from
the sanple and the instrument response has returned to the
baseline (i.e., response less than 0.5 percent of the span
val ue). (Cbserve the aspirator supply pressure, FIA
back- pressure, atnospheric vent, and other system operating
paranmeters during the run; repeat the analysis procedure if any
of these paraneters deviate fromthe val ues established during
the systemcalibration checks in section 9.2.7. After each
sanple, performthe drift check described in section 8.2. |If the
drift check results are acceptable, calculate the VOC content of
the sanple using the equations in section 11.2. Alternatively,
recalibrate the FIA as in section 8.1 and report the results
using both sets of calibration data (i.e., data determ ned prior

to the test period and data determ ned foll ow ng the test



period). The data that results in the | owest CE value shall be
reported as the results for the test run. Integrate the area
under the FI A response curve, or determ ne the average
concentration response and the duration of sanple anal ysis.

10. DATA ANALYSIS AND CALCULATIONS

10.1 Nomenclature.

A = area under the response curve of the liquid
sanpl e, area count.

A; = area under the response curve of the calibration
gas, area count.

C, = actual concentration of systemcalibration gas,
ppm pr opane.

K= 1.830 x 10°° g/ (m -ppn).

L = total VOC content of liquid input, kg.

M = mass of liquid sanple delivered to the sanple
vessel, g.

g = flowrate through critical orifice, m/mn.

RF = liquid analysis systemresponse factor, g/area
count .

2; = total gas injection tinme for systemcalibration
gas during integrator calibration, mn.

Vg = final VOC fraction of VOC containing liquid j.

V,; = initial VOC fraction of VOC containing liquid j.

Vy = VOC fraction of VOC containing liquid j added
during the run.

V = VOC fraction of liquid sanple.

W, = weight of VOC containing liquid j remaining at end
of the run, Kkg.

W, = weight of VOC containing liquid j at beginning of
the run, kg.



W, = weight of VOC containing liquid j added during the
run, Kkg.
10.2 Calculations
10.2.1 Total VOC Content of the Input VOC Containing
Liquid.

n n n

L = _z;vlj Wy - _E;VFJ Wg + Z; Vg Wy Eqg. 204A-1
1= 1= j=

10.2.2 Liquid Sample Analysis System Response Factor for
Systems Using Integrators, Grams/Area Count.

C.q06.K
RF -——> Eq. 204A-2
AS
10.2.3 VOC Content of the Liquid Sample.
A RF
V= v Eqg. 204A-3

11. METHOD PERFORMANCE

The neasurenent uncertainties are estimated for each VOC
containing liquid as follows: W= +2.0 percent and
V = 4.0 percent. Based on these nunbers, the probable
uncertainty for L is estimted at about +4.5 percent for each VOC
containing |iquid.

12. DIAGRAMS.
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TEFLON SAMPLE LINE

ULTRA PURE
CARRIER GAS

|
\

CRITICAL CRIFICE

~— RUBBER STOPPER

WITH TEFLON TAPE

40 cc GLASS VESSEL —

Figure 204A-2. VOC sampling vessel.
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